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(57) While a storage region 15 is comprised of 
many dispersed particulates (dots) (15a). the surface 
density of the particulates (15a) is set to be higher than 
that of structural holes (pin holes) produced in a tunnel 
insulating film (14a), or the number of the particulates 
(15a) in the storage region (15) is set to five or more. 
While a conduction region (13c} is formed by a polysili- 
con layer (13) having a surface roughness of 0.1 nm to 
1 00 nm. the number of the particulates (1 5a) in the stor- 
age region (15) is set to be larger than the number of 
crystal grains in the conduction region (13c). Even when 
a defect such as a pin hole occurs in the tunnel insulat- 
ing film (14a) and charges stored in a part of the partic- 
ulates are leaked, the charges stored in the particulates 
formed in a region where no defect occurs are not 
leaked. Thus, information can be held for a long time. 
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Description 

Technical Field 

[OO01 ] TTie present invention relates to a memory 
device for holding information by storing charges moved 
from a conduction region into a storage regbn and a 
method of manufacturing the memory device, and a 
merthod of manufacturing an integrated circuit and a 
semiconductor device in which memory device are inte- 
grated. More particularly, the invention relates to a 
memory device in which a storage region conprises a 
plurality of particulates (quantum dots}, a method of 
manufacturing ti^e memory device, and a method of 
manufacturing an integrated circuit and a semiconduc* 
tor device. 

Background Art 

[O002] In a non-volatile menrwry typified by an EEP- 
ROM (Electric Erasable-Programmable Read Only 
Memory), a storage region is formed on a conduction 
region formed on the surfece of a single crystal silicon 
substrate with an insulating film in between. Charges 
moved from the conduction region by tunneling the insu- 
lating film are stored into the storage region, thereby 
information is held in a non-volatile memory. Hitherto, 
the storage region is formed by using a twoKiimension- 
ally spread continuous semiconductor film. In a conven- 
tional non-volatile memory, in order to hold charges 
stored in the storage region for a long time, a thermal 
oxide film made of silicon having excellent insulating 
properties is used as an insulating film between the 
conduction region and the storage region. The thermal 
oxide film is prepared by heating a single crystal silicon 
substrate to 800 to 1000 ''C in an oxygen atmosphere. 
The silicon substiate is not deformed nor melt around 
tNs temperature. Since the thermal oxide film formed on 
the single crystal silicon sut>strate has excellent insulat- 
ing properties, charges are not leaked from the two- 
dimensionally continued storage region and are stably 
held. 

[0003] As described above, in the conventional menrv 
ory device, in case of using the thermal oxide film as an 
insulating film between the conduction region and the 
storage region, the substrate has to be heated to a high 
temperature of 800 to 1000 °C. When the substrate is 
made of glass or plastic material instead of single crys- 
tal silicon, however, such high-temperatijre heat treat- 
ment cannot be performed. For exaniple. the 
temperature at which a glass substrate is deformed is 
500 °C. The temperature at which a plastic substrate is 
defornied is at most 200 "C even when the substrate is 
made of a heat resistant material. When the substrate is 
made of glass or plastic, therefore, the insulating film 
between the conduction region and the storage region 
has to be prepared in low-temperature conditions of 500 
°C or lower. 



[0004] When the oxide film is prepared at a taw tem- 
perature of 500 °C or lower, however, defects, or a 
number of structural holes (pin holes) occur in the oxide 
film. These pin holes let the charges stored in the two- 

5 dimensionally spread storage region to be leaked to the 
conduction region in a short time and cause a problem 
that information cannot be held for a long time. 
[0005] On the other hand, although an oxide film such 
as a silicon oxide film (SiOa) on the silicon substrate is 

10 resistant to heat of high tenperature. the conduction 
region on the oxide film is made of polysilicon and the 
surface of polysilicon is rough. Due to the roughness of 
ttie polysilicon. concentration of an electric field occurs 
in the insulating film provided on the polysilicon. which 

IS causes a problem that the charges in the two-dimen- 
sionally continued storage region are also leaked from 
the position where concentration of an electric fieti 
occurs. 

20 Disclosure of Invention 

[0006] The invention has been achieved in view of the 
above problems and its abject is to provide a mennory 
device wNch can be fabricated at a low temperature on 

25 a substi-ate made of glass or plastic and can hold infor- 
mation for a long time and a method of manufacturing 
ttie memory device, and a method manufacturing an 
integrated circuit and a semiconductor device. 
[0007] According to the invention, there is provided a 

30 memory device comprising: a conduction region made 
of a semiconductor; a first inpurtty region provided 
acfacent to the conduction region; a second impurity 
region provided apart from ti^e first impurity region and 
acjacent to the conduction region; a storage region 

35 comprised of a plurality of dispersed particulates, for 
storing charges moved from the conduction region; a 
tunnel insulating film provided between tiie storage 
region and tiie conduction region, through which 
charges can pass; a control electrode for controlling 

40 each of a charge quantity of the storage region and con- 
ductivity of the conduction region; and a control insulat- 
ing film provided between the control electrode and the 
storage region, wherein that of the particulates in ttie 
storage region is higher than that of sti^uctural holes (pin 

45 holes) produced in the tunnel insulating film. 

[0008] According to the invention, there is provided 
another memory device comprising: a conduction 
region made of a semiconducta; a first inrtpurity region 
provided adjacent to ttie conduction region; a second 

50 inrpurrty region provided apart from the first impurity 
region and adjacent to the corxJuction region; a storage 
region comprised of a plurality of dispersed particulates, 
for storing charges moved from the conduction region; a 
tunnel insulating film provided between the storage 

55 region and the conduction region, through which 
charges can pass; a comrd electrode for controlling 
each of a charge quantity of the storage region and con- 
ductivity of the conduction region; and a control insulat- 
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rng film provided between the control electrode and the 
storage region, wherein the number of the particulates 
in the storage region is five or more. 
[0009] According to the Invention, there is provided 
further another memory 6B/\ce comprising: a conduc- s 
Won region made of a semiconductor; a first impurity 
region provided adjacent to the conduction region; a 
second impurity region provided apart from the first 
impurity region and adjacent to the conduction region; a 
storage region comprised of a plurality of dispersed par- io 
ticulates, for storing charges moved from the corvjuction 
region; a tunnel insulating film provided between the 
storage region and the conduction region, through 
which ch2uges can pass; a control electrode for control- 
ling each of a charge amount of the storage region and is 
conductivity of the conduction region for memory; and a 
control insulating film provided between the control 
electrode and the storage region, wherein the conduc- 
tion region is formed by a polysilicon film having a sur- 
face roughness of 0.1 nm to 1 00 nm and the number of zo 
particulates in the storage region is larger than that of 
aystal grains in the conduction region. 
[001 0] According to the invention, there is provided an 
integrated circuit comprising a plurality of memory 
device, wherein each of the memory device comprises: 25 
a conduction region made of a semiconductor; a source 
region provided adjacent to the conduction region; a 
drain region provided apart from ihe source region and 
adjacent to the conduction region; a storage region 
coiTprised of a plurality of dispersed particulates, for 30 
storing charges moved from the conduction region; a 
tunnel insulating film which is provided between the 
storage region and the conduction region, through 
which charges can pass; a control electrode for control- 
ling a charge quantity of tiie storage region and the con- 35 
ductivity of the conduction region; and a control 
insulating film provided between the conti'ol electrode 
and the storage region; and has the structure such that 
the surface density of the particulates in the storage 
region is higher than that of structural holes (pin holes) 40 
produced in the tunnel insulating film, the control elec- 
trode of each of the memory device is connected to a 
word line, and a source-drain path of each menrK}ry 
device is connected between a bit line and a source line. 
[0011] A method of manufacturing a memory device 4S 
according to the invention comprises: a step of forming 
a conduction region by a semiconductor film on a sub- 
strate made of an insulating material; a step of forming 
a tunnel insulating film on the conduction region; a step 
of forming a storage region comprised of a plurality of so 
particulates dispersed on the tunnel insulating film, with 
the surface density of tiie particulates being higher than 
that of sti'uctural holes (pin holes) in the tunnel insulat- 
ing film; a step of forming a control insulating film on the 
storage region; a step of forming a control electrode on ss 
the conti'ol insulating film; and a step of forming a first 
impurity region adjacent to the conduction region, and a 
secorxd impurity region apart from tiie first inrpurity 



region and adjacent to the conduction region. 
[0012] Another method of manufacturing a menrrary 
device according to tiie invention comprises: a step of 
forming a conduction region made by a semiconductor 
film on a substrate made of an insulating material; a 
step of forming a tjnnel insulating film on the conduc- 
tion regfon; a step of forming a storage region having 
five or more particulates dispersed on the tunnel insu- 
lating film; a step of forming a control insulating film on 
the storage region; a step of forming a control electrode 
on the control insulating f9m; and a step of forming a 
first impurity region adjacent to the conduction region 
and a secorxi impurity region apart from ttie first impu- 
rity region and adjacent to the corxiuction region. 
[001 3J Further anottier method of manufacturing a 
merviory da/ice according to the invention comprises: a 
step of forming a conduction region, made by a polysili- 
con film whose surface roughness is 0.1 nm to 100 nm, 
on a substrate made of an insulating material; a step of 
forming a tunnel insulating film on the conduction 
region; a step of forming a storage region having dis- 
persed particulates, the number of which is larger tiian 
the number of crystal grains in the conduction region, on 
the tunnel insulating film; a step of forming a control 
insulating film on the storage region; a step of forming a 
control electiode on tiie control insulating film; and a 
step of forming a first impurity region adjacent to the 
conduction region and a second impurity region apart 
from the first impurity region arxf adjacent to tiie con- 
duction region. 

[0014] Further anottier method of manufacturing a 
menxsry device, according to the invention, connprises: 
a step of forming a control electrode on a substrate 
made of an insulating material; a step of forming a con- 
ti'ol insulating film on the confrd elecfode; a step of 
forming a storage region conprised of a plurality of dis- 
persed particulates on the control insulating film, witii 
the surface density of the particulates being higher tiian 
ttiat of structural holes (pin holes) in tiie tunnel insulat- 
ing film; a step of forming a tunnel insulating film on the 
storage region; a step of forming a conduction region 
made of a semiconductor on the tunnel insulating film; 
and a step of forming a first impurity region adjacent to 
ttie conduction region and a second impurity region 
apart from the first impurity region and adjacent to the 
conduction region. 

[0015] Further another method of manufacturing a 
memory d^ice according to the inverrtion comprises: a 
step of forming a control electrode on a substrate made 
of an insulating material; a step of forming a conf ol 
insulating f ilm on the control elect-ode; a step of forming 
a storage region comprised of five or more dispersed 
particulates on the control insulating film; a step of form- 
ing a tunnel insulating film on tiie storage region; a step 
of forming a conduction region made of a semiconduc- 
tor on tiie tunnel insulating film; and a step of forming a 
first impurity region adjacent to the condiction region 
and a second impurity region apart from ttie first impu- 
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rity region and adjacent to the conduction region. 
[0016] Further another method of manufacturing a 
memory device according to the invention comprises: a 
step of forming a control electrode on a substrate made 
of an insulating material; a step of forming a control s 
insulating film on the control electrode; a st^ of forming 
a storage region comprised of a plurality of dispersed 
particulates on the control insulating film; a step of fornv 
ing a tunnel insulating film on the storage region; a step 
of forming a conduction region made of a semiconduc- io 
tor on the tunnel insulating film; and a step of forming a 
first impurity region adjacent to the conduction region 
and a secorxi impurity region apart from the first impu- 
rity region and adjacent to the conduction region, 
Mfherein the conduction region is formed by a polysilicon is 
film having the surface roughness of 0.1 nm to 100 nm 
and the number of particulates in the storage region is 
set to be larger than the number of crystal grains in the 
conduction region. 

[0017] A method of manufacturing a semiconductor 20 
device according to the invention comprises: a step of 
forming a semiconductor film on a substrate and. after 
that, forming a film for forming a storage region of a non- 
stoichiometric composition* excessively containing a 
semiconductor element, on the semiconductor film; and 2s 
a step of forming a storage region by dispersing the par- 
ticulates of a semiconductor in the film for forming a 
storage region by performing heat treatment. The "non- 
stoichiom^ric composition" denotes a composition hav- 
ing a ratio of components out of the stoichiometric 30 
conposition. In the invention, it denotes a case where a 
ratio of components is out of the range of the stoichio- 
metric conposition so as to corrtain an excessive semi- 
conductor. The size of each of the particulates 
constructing the storage region lies within the range 35 
from 1 nm to 10 nm. As an example, silicon (Si), germa- 
nium (Ge), and the like can be used. 
[0018] In the memory device and its manufacturing 
method according to the invention, either a construction 
such that the surface density of the particulates in the 4o 
storage region is higher than that of structural holes (pin 
holes) produced in the tunnel insulating film, a construc- 
tion that the number of particulates in the storage region 
is five or more, or a construction that the corvjuction 
region is formed by a polysilicon film whose surface 4S 
roughness is 0.1 nm to 1 00 nm. is used, and the number 
of particulates in the storage region is larger than the 
number of crystal grains in the conduction region. Con- 
sequently even when charges stored in a part of partic- 
ulates are leaked due to a defect such as a pin hole so 
occurred in the tunnel insulating film, charges stored in 
the particulates formed in the region where no defect 
occurs are not leaked. Thus, information is stored for a 
long time. 

[0019] In the method of manufacturing the semicon- 55 
ductor device according to the invention, by performing 
heat treatment such as inadiation of an energy beam to 
the film for forming a storage region of a nonstoichio- 



metric composition contairvng a semiconductor exces- 
sively, the particulates in the semiconductor are 
dispersed in tiie film for forming a storage region, and a 
storage region is thus formed. 

Brief Description of Drawings 
[0020] 

Fig. 1 is a aoss section showing the structure of a 
memory device according to a first embodiment of 
the invention. 

Rg. 2 is a cross section showing the structure of a 
memory device according to a second embodiment 
of the invention. 

Rg. 3 is a circuit diagram for explaining an example 
of a first method of integrating memory dmice of 
the invention. 

Rg. 4 is a circuit diagram for explaining another 
example of the first method of integrating memory 
device of the invention. 

Rg. 5 is a circuit diagram for explaining a second 
method of integrating memory device of the inven- 
tion. 

Rgs. 6A and 6B are cross section and plan view for 
explaining a first method of manufacturing the 
memory device according to the first embodiment. 
Rgs. 7A and 78 are cross section and plan view for 
explaining a process following Rgs. 6A and 6B. 
Rgs. 8A and 8B are cross section and plan view for 
explaining a process following Rgs. 7A and 7B. 
Rgs. 9 A and 9B are cross section arKi plan view for 
explaining a process following Rgs. 8A and SB. 
Rgs. 10A and 10B are cross section and plan view 
for explaining a process following Figs. 9A arvi 9B. 
Rgs. 1 1 A and 1 1 B are cross section and plan view 
for explaining a second method of nranufacturing 
the memory device according to the first embodi- 
ment of the invention. 

Rgs. 12A and 12B are cross section and plan view 
for explaining a process following Rgs. 11 A and 
11B. 

Rgs. 13A and 13B are cross section and plan view 
for explaining a process following Rgs. 12A and 
12B. 

Rgs. 14A and 14B are cross section and plan view 
for explaining a process following Rgs. 13A and 
13B. 

Rg. 15 is a characteristics diagram showing the 
relation between a gate voltage and a drain current 
of the memory device according to the first embod- 
iment- 

Rgs. 16A and 16B are cross section and plan view 
for explaining a third method of manufacturing the 
memory device according to the first ennbodiment. 
Rgs. 1 7A and 1 7B are aoss section and plan view 
for explaining a process folkTwing Rgs. 16A and 
16B. 
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Figs. ISA and 18B are cross section and plan view 
for explaining a process following Rgs. 17A and 
17B. 

Figs. 19A and 19B are cross section and plan view 
for explaining a process following Rgs. 18A and 
188. 

Figs. 2aA and 20B are cross section and plan view 
for explaining a process following Rgs. 19A and 
19B. 

Figs. 21 A and 21 B are cross section and plan view 
for explaining a process of manufacturing the mem- 
ory device according to a second embodiment of 
the invention. 

Figs. 22A and 22B are cross section and plan view 
for explaining a process following Figs. 21 A and 
21 B. 

Figs. 23 A and 23 B are cross section and plan view 
for explaining a process following Figs. 22A and 
22B. 

Figs. 24A and 24B are cross section and plan view 
for explaining a process following Figs. 23A and 
23B. 

Figs. 25A and 25B are aoss section and plan view 
for explaining a process following Rgs. 24A and 
24B. 

Fig. 26 is a plan view showing the structure of a 
memory unit according to a third embodiment of the 
invention. 

Fig. 27 is a cross section taken along the line of 
Rg. 26. 

Fig. 28 is a cross section of a memory unit accord- 
ing to a fourth err^xdiment of the invention. 
Rg. 29 is a plan view showing the structure of a 
memory unit according to a fifth embodiment of the 
invention. 

Rg. 30 is a cross section taken along the line k-k of 
Rg. 29. 

Fig. 31 is a cross section of a menrory unit having 
bottom-gate structured elements. 
Fig. 32 is a plan view showing the structure of a 
memory unit according to a sixth embodiment of 
the invention. 

Fig. 33 is a cross 5ectk)n taken along the line N of 
Fig. 32. 

Fig. 34 is a cross section of a memory unit having 
bottom-gate structured elements. 
Fig. 35 is a aoss section for explaining a process of 
manufacturing a memory unit according to a sev- 
enth embodiment of the invention. 
Fig. 36 is a Cross section for explaining a process 
following Rg. 35. 

Rg. 37 is a cross sectk)n for explairting a process 
following Rg. 36. 

Fig. 38 is a cross section for explaining a process 
following Fig. 37. 

Rg. 39 is a cross section tor explaining a process 
following Fig. 38. 

Fig. 40 is a cross section tor explaining a process of 



manufacturing a memory unit according to an 
eighth embodiment of the invention. 
Rg. 41 is a cross section for explaining a process 
following Fig. 40. 
s Rg. 42 is a cross section for explaining a process 
following Fig. 41. 

Rg. 43 is a cross section for explaining a process 
following Rg. 42. 

Rg. 44 is a cross section tor explaining a process 
w tollowing Rg. 43. 

Rg. 45 is a cross section for explaining a process 
tollowing Fig. 44. 

Rg. 46 is a cross section for explaining a process of 
manufacturing a memory unit according to a ninth 
IS emljodiment of the invention. 

Rg. 47 is a cross sectfon tor explaining a process 
following Rg. 46. 

Rg. 48 is a cross section for explaining a process 
tollowing Rg. 47. 
20 Rg. 49 is a cross section tor explaining a process 
following Fig. 48. 

Rg. 50 is a cross section tor explaining a process 
tollowing Rg. 49. 

Rg. 51 is a cross section tor explaining a process 
25 tollowing Rg. 50. 

Rg. 52 is a cross section tor explaining a process 
tollowing Rg. 51. 

Rgs. 53A to 53C are ctoss sections of respective 
processes for explaining an experiment of the 

30 invention. 

Rg. 54 is an SEM photograph tor explaining a state 
of the tormation of silicon dots (particulates). 
Rgs. 55A to 55D are cross sections of respective 
processes tor explaining a process of manufactur- 

35 ing a silicon dot menK}ry. 

Rgs. 56A and 56B are cross sections of respective 
processes following Rg. 55D. 

Best Modes tor canrying out the Invention 

40 

[0021 ] Embodiments of the invention will be described 
in detail hereinbelow with reference to the drawings. 

[Rrst Embodiment] 

45 

[0022] Fig. 1 shows a basic structure of a mermry 
device according to a first embodiment of the invention. 
In the following, a case where electrons are used as 
charges will be described as an example. When holes 
50 are used as charges, the following desaiption is the 
same as the case except that the sign of a potential is to 
be reversed. 

[0023] The memory device according to the embodi- 
ment has a structure comprising a corxfuction region 
55 1 3c and a first irrpurity region 1 3a and a second impu- 
rity region 13b adjacently formed on both sides of the 
conduction region 13c configured on a buffer layer 12 
tormed on a substrate 1 1 made of a non-silicon material 
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such as quartz, glass, or plastic and so on. The buffer 
layer 12 is comprised of an insulating f Hm made of Si02 
or SiaN4. and so on. 

[0024] Each of the first impurity region 13a, the sec- 
or»d impurity region 13b, and the conduction region 13c 
is comprised of, for example, a polysilicon layer 1 3 hav- 
ing a thickness of about tens of nm. Each of the first and 
second impurity regions 13a and 13b is formed by add- 
ing a Group V element such as phosphorus (P) as an n- 
type impurity, or a Group III element such as boron (B) 
as a p-type impurity to the polysilicon layer 13. Each of 
the first inr^urity region 13a an6 the second irrpurity 
regon 13b and the conduction region 13c can be made 
of any semiconductor (non -single crystal semiconduc- 
tor) except single crystal semiconductor. It can be made 
of. for example, anrorphous Sij,Gei.j, (0 5 x 5 1) or poly- 
crystal SixGei.x (0 ^ x i 1). 

[O025] An insulating film 1 4 is provided in a corre- 
sponding position right on the conduction region 13c. 
The insulating film 1 4 consists of a tunnel insulating film 
1 4a and a control insulating film 1 4b stacked on the tun- 
net insulating film 14a. Each of the tunnel insulating film 
1 4a and the control insulating film 1 4b is made of SiO^, 
SisN^, SiNf(Oi (K 1 * 0), or the like. Between the tunnel 
insulating film 14a and the control insulating film 1 4b, a 
storage region 1 5 is provided to hold charges (electrons 
in this case). The thickness of the tunnel insulating film 
1 4a is provided in a size (for example, less than 5 nm) 
that electrons can pass through the tunnel insulating 
film 14a into the storage region 15 by a quantum- 
mechanical tunnel effect 

[O026] The storage region 15 is comprised of more 
than one particulates (quantum dots) 1 5a discretely dis- 
posed. The particulates 1 5a is formed of semiconductor 
particulates made of SiyGei.y (0 5 y ^ 1), SiFe2. Group 
ll-VI compound. Group Ill-V conrpound, or the like, 
metal particulates made of Au, Sb, Sn, or the like, or 
insulator particulates nnade of SiN^ (z ^ 0) or the like. 
[O027] In the storage region 1 5 of the embodiment, the 
number of particulates 15a (surface density) is larger 
than that (surface density) of structural holes (pin holes) 
opened in the tunnel insulating film 14a during the man- 
ufacturing process and is, specifically, five or more. Usu- 
ally, the surface of the polysilrcon layer 1 3 is rough. In 
the embodiment it is preferable that the roughness is 
within the range from 0.1 nm to 100 nm and tiiat the 
number of particulates 15a in the storage region 15 is 
larger than the number of crystal grains in the conduc- 
tion region 13c. 

[0028] On the insulating film 1 4, that is, in the position 
opposite to the conduction region 13c positioning the 
storage region 1 5 in the middle, a control electrode 1 6 is 
formed. The control electrode 16 is formed by a tow- 
resistant polysilicon layer in which a metal such as alu- 
minum (Al) or an impurity s doped. By the control elec- 
trode 16. an electric field is applied between the 
conduction region 13c and the storage region 15, con- 
trolling the conductivity of the conduction region 13c 



and the number of electrons in the storage region 15. 
The thickness of the control insulating film 1 4b between 
the control electrode 16 and the storage region 15 is 
provided in a size (for example 50 nm or thicker) that the 

5 electrons cannot pass through the control insulating film 
14b by the quantum-mechanical tunnel effect 
[0029] The operation of the mernory device having 
such a structure, that is, methods of writing and erasing 
information (data) and methods of hokling and reading 

10 information will be described. In the description, it is 
assumed that the first in^urity region 13a is connected 
to the ground (potential » OV). 
[0030] In the menx)ry devk;e, when the first and sec- 
ond irrpurity regions 1 3a and 1 3b are of the n-type, the 

IS potential applied to the second impurity region 1 3b is 
set to the same (OV) as that applied to the first impurity 
region 1 3a or a potential (for example, 1 0V) higher than 
tiie potential applied to the first impurity region 1 3a is 
applied, and a potential (for example, 20V) higher than 

20 that applied to the first impurity region 13a is applied to 
the control electrode 16. Consequentty, charges (elec- 
trons) in tiie conduction region 13c pass through the 
tunnel insulating film 14a, placed between the conduc- 
tion region and the storage region, by the quantum- 
's mechank»l tunnel effect and are stored in more than 
one particulates 15a dispersed in the storage region 15. 
In such a manner, information is written. 
[0031] When the first and second inpurity regions 13a 
and 13b are of the p-type, tiie potential to the second 

30 impurity region 13b is set to tiie same (OV) as that 
applied to the first impurity region 1 3a or a potential (for 
example, -10V) lower ttian that applied to the first impu- 
rity region 13a is applied, and a potential (for example, - 
20V) lower than that applied to the first impurity region 

35 13a is applied to the control electrode 16. Conse- 
quentiy, charges (holes) in the conduction region I3c 
pass through the tunnel insulating film 14a, provided 
between the conduction region and the storage region, 
by the quantum-mechanical tunnel effect and are stored 

40 in more than one particulates 1 5a dispersed in the stor- 
age region 15. In such a manner, information is written. 
The information written as mentioned above is held by 
setting the potential to all of the electrodes to the same 
or keeping them in a floating state. 

45 [0032] Since the storage region 1 5 is comprised of the 
f ive or more dispersed particulates 15a in the memory 
device of the embodiment as descrifc>ed above, even 
when charges stored in some of the particulates 15a 
are leaked due to a structural defect occurring in the 

50 tunnef insulating film 1 4a, the charges stored in the par- 
ticulates 15a formed in the region without any defect in 
the tunnel insulating film 14a are not leaked. In the 
embodiment, therefore, the information stored in the 
storage region 15 can be held for a long time. This is 

55 similarly applied to a case where the roughness of the 
surface of the polysilicon layer 13 is within the range 
from 0.1 nm to 100 nm and the number of particulates 
15a in the storage region 15 is larger than that of crystal 
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grains in the conduction region 13c. That Is, even when 
* the electric field concentrates on the rough part of the 
potysilicon layer 13. since the particulates 15a also exist 
in the other region, the charges are not leaked and can 
be held for a long time. In the enibodiment, therefore, 
the tunnel insulating film can be formed by a low-tem- 
perature process, enabling the usage of an inexpensive 
material such as glass or plastic as the substrate. 
[0O33] The written information is erased in such a 
manner that when the first and second impurity regions 
13a and 13b are of the n-type. while the potential 
applied to the second impurity region 13b is set to the 
same as that applied to the first impurity region 13a, a 
potential (for example, -20V) lower than that applied to 
the first impurity region 13a is applied to the control 
electrode 16, thereby making the charges (electrons) 
held in the storage region 15 move into the conduction 
region 13c passing through the tunnel insulating film 
14a provided between the conduction region and the 
storage region. 

[0034] When the first and second impurity regions 1 3a 
and 13b are of p-type semiconductors, the potential 
applied to the second impurity region I3b is set to the 
sanrte as that applied to the first impurity region 1 3a and 
a potential (for example, 20V) higher than that applied to 
the first inpurity region 13a is applied to the control 
electrode 16. By the operation, the charges (holes) held 
in the particulates 15a in the storage region 15 the con- 
duction region I3c, passing through the tunnel insulat- 
ing film 14a providBd between the conduction region 
and the storage region move into, thereby making the 
information erased. 

[0035] Further, the written irrformation is read out by 
measuring the conductivity of the conduction region 13c 
with respect to the potential of the control electrode 16 
or the current value detecting a change in charge 
amount in the storage region 15. 

[Second Embodiment] 

[0036] Fig, 2 shows the structure of a memory device 
according to a second embodiment of the invention. In a 
memory device 20, a control electrode 26 is provided on 
a sut>strate 21 made of, for example, quartz having a 
buffer layer 22 in between which is comprised of an 
insulating film made of Si02, Si3N4, or the like. 
[0037] An insulating film 24 is formed on the buffer 
layer 22 and the control electrode 26. The insulating film 
24 is comprised of an control insulating film 24b and a 
tunnel insulating film 24a stacked on the control insulat- 
ing film 24b. Between the tunnel insulating film 24a and 
the control insulating film 24b, a storage region 25, com- 
prised of more than one particulates 25a discretely dis- 
posed, is provided. On the insulating film 24, a 
conduction region 23c is provided, with a first impurity 
region 23a and a second Impurity region 23b. The first 
impurity region 23a and the second impurity region 23b 
are adjacent to the conduction region 23c. The first and 



second impurity regions 23a and 23b and the corxJuc- 
tion region 23c are formed a polysilicon layer 23. 
[0038] Except tor the fact that the memory device of 
tile embodiment is the bottonvgate type, while the 

5 memory device of the first enrtxxdiment is what is called 
the top-gate type, other structures, actions (the nroth- 
ods of writing and erasing information, and methods of 
holding and reading information), and effects are sub- 
stantially the same as ttiose of the first embodiment. 

w Their description is consequentiy omitted here. 

[0039] Figs. 3 and 4 are circuit construction diagrams 
for explaining the first method of integrating the menx)ry 
device. According to the first method, while a gate elec- 
trode in each memory device is connected to a word 

15 line, a source-drain path is connected between a bit line 
arxJ a source line, and a plurality of memory device are 
arranged in parallel. Fig. 5 shows a drcuit construction 
when the memory device are integrated by the second 
metiiod. According to the second method, while the 

20 gate electrode of each nnemory device is connected to a 
word line, the source-drain path is connected between a 
bit line and a source line, and a plurality of menrtory 
de/ice are arranged in series. The operations of the 
menrory units integrated by the methods will be 

2S described hereinafter. 

[Manufacturing Method according to the First Embodi- 
ment] 

30 [0040] Making reference to Figs. 6A, 6B to Figs. 10A 
and 106, the first method of manufacturing the menmry 
device of the first enix)dimerTt will be described. Each 
of the diagrams B is a plan view and each of the dia- 
grarr^ A is a aoss section taken along the line a-a of 

35 the diagram 8. 

(First Method) 

[0041] As shown in Figs. 6A and 6B, the buffer layer 

40 1 2 which is comprised of an Si3N4 layer or an Si02 layer 
having a thickness of, for example, about 100 nm is 
formed by, for example, CVD (Chemrcal Vapor Deposi- 
tion) or sputtering on an insulating substrate such as the 
substrate 1 1 made of quartz, glass, plastic, or tine like. 

45 After that, the substrate temperature is set to 600 to 700 
° C and the polysilicon layer 13 having a tiiickness of 
about 10 nm is formed by. for exanple, CVD or sputter- 
ing. Then, d^ice isolation is performed by etching. At 
this time, defects of holes (pin holes) 10 occur in the 

so polysilicon layer 13. 

[0042] Subsequentiy, as illustrated in Figs. 7A and 7B. 
by a thermal oxidation or an oxidizing method of expos- 
ing the surface of the substrate to an oxygen ionized 
gas. generated by introducing oxygen into an alterrtat- 

55 ing cun^ent electromagnetic field, the surface of the 
polysilicon layer 13 (conduction region Ch1) is oxidized 
only by the thickness of about 10 nm, thereby making 
the tunnel insulating film 14a formed. Although not 
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Shown, a plurality of holes (pin holes) occur as men- 
tioned above in the tunnel insulating film 1 4a due to the 
holes 10 in the polysiticon layer 13. 
[0043] As shown in Figs. 8A and 8B. by CVD using, a 
gas containing silicon atoms such as silane or disilane s 
and a gas containing germanium atoms such as ger- 
mane as materials, or sputtering using silicon, or ger- 
nnanium, or metal as a material, SiyGe^.x (0 ^ x ^ 1) is 
deposited on the tunnel insulating film 14, thereby form- 
ing the storage region 15 comprised of more than one io 
particulates 15a. The number of the particulates 15a at 
this time is set so that the coverage factor of the surface 
of the tunnel insulating film 14a is smaller than 1. The 
number of particulates is set to 5 or larger so that the 
surface density is higher than that of the defects is 
occurred in the tunnel insulating film 14a. 
[0044] As shown in Figs. 9A and 9B. by CVD using a 
gas containing silicon atonr^ such as SiH4 (silane) or 
812^6 (disilane) and a gas containing oxygen atoms 
such as N2O (dinitrogen monoxide) or O2 (oxygen), or 20 
by the sputtering of silicon in an ionized gas atnrK)Sphere 
of a gas containing oxygen atoms such as h420 or O2, 
the control insulating film 14b having a thickness of 
about 100 nm is formed. Subsequently, the control elec- 
trode (gate electrode) 16 is formed by using polysiltcon 2s 
or a metal such as Al (aluminum), or Cu (copper), or W 
(tungsten) in a position opposite to the conduction 
region 13c (polysilicon layer 13) provided on the control 
insulating film 14b. After that, by using the control elec- 
trode 16 as a masK the control insulating film 14b is 30 
selectively etched until the surface of the conduction 
region (polysilicon layer 13) by RE (Reactive Ion Etch- 
ing) using a mixture gas of CF4 (carbon tetrafluoride) 
and H2 (hydrogen). 

[0045] As illustrated in Figs. 10A and 10B, ion implan- 35 
tatron is performed by using the control electrode 16 as 
a mask, thereby forming the first impurity region 13a 
and the second inrpurrty region 13b in the pdysiGcon 
layer 13. The ion implantation is carried out by ion 
in^anting Group V atoms such as phosphorus (P) 40 
atoms when electrons are used as conduction charges 
.or by ion inrplanting Group III atoms such as boron (B) 
atoms when holes are used as conduction charges. The 
first impurity region 13a and the second impurity region 
13b may also be formed by the polysilicon layer 13 45 
being in-adiated with an ionized gas containing the 
Group V atoms such as an ionized gas of PH3 when 
electrons are used as conduction charges, or with an 
ionized gas containing the group III atoms such as an 
ionized gas of B2Hg when holes are used as conduction so 
charges, with the control electrode 16 being used as a 
mask. After that, the element is heated by using a fur- 
nace or an excimer laser, thereby activating the 
imptanted impurities. 

[0046] After that, although not shown, a protective film 55 
made of Si3N4 or Si02 is formed by. for example, CVD 
or sputtering on the surface of the memory device 
formed as mentioned above. 



(Second Method) 

[0047] Making reference to Figs. 1 1 A and 1 1 B to Figs. 
14A and 14B, the second method of manufacturing the 
memory da/ice of the first entxxfiment will be 
described. In the diagrams, each diagram B is a plan 
view, and each diagram A is a cross section taken along 
the tine of diagram B. 

[0048] First, as shown in Rgs. 1 1 A and 1 1 B, the buffer 
layer 12 comprised of the Si3N4 layer or the SiOj layer 
having a thickness of about 100 nm is formed made of 
quartz or the like by CVD or sputtering on the substrate 
11. Subsequently, by plasma CVD (Plasma Enhanced 
Chemk:al Vapor Deposition; PECVD) or sputtering, an 
amorphous silicon layer 13' having a thickness of about 
tens of nm is formed at a tenperature at which no defor- 
mation occurs in the substrate 11, and then device iso- 
lation is performed by etching. 
[0049] As shown in Figs. 12A and 12B, the surface of 
the annorphous silicon layer 13' is oxidized by the 
plasma oxidizing method, the tunnel insulating film 14a 
which is comprised of an SiOx layer (x < 2) having a 
thickness of tens of nm is formed on the surface of the 
amorphous silicon layer 13* by PECVD. and an XeCI 
excimer laser is irradiated by about 150 to 300 mJ/cm^ 
to crystallize the amorphous silicon layer 13', thereby 
obtaining the polysilicon layer 1 3. At this time, excessive 
silicon in SiOy is deposited forming the storage region 
1 5 comprised of many particulates 1 5a. Instead of form- 
ing the tunnel insulating film 14a comprised of the SiO, 
layer (x < 2), in the same manner as the first method, 
the storage region 15 may be formed so that the cover- 
age factor is smaller that 1 by CVD using, as materials, 
a gas containing silicon atoms such as silane or disilane 
and a gas containing germanium atoms such as ger- 
mane or, by sputtering using silicon, or germanium, or a 
metal as a material. 

[0050] As shown in Figs. 1 3A and 13B, by CVD using, 
a gas containing silicon atoms such as silane or disi- 
lane, and a gas containing oxygen atoms such as N2O 
or O2, or by the sputtering of silicon in an fonized gas 
atmosphere of a gas containing oxygen atoms such as 
NgO or O2. the control insulating film 14b having a thick- 
ness of about 100 nm is formed. Subsequently, the con- 
trol electrode 16 is formed by using polysilicon or a 
metal such as Al, Cu, or W, in a position opposite to tiie 
conduction region 13c in the polysilicon layer 13, pro- 
vided on the control insulating film 14b. After that by 
using the control electrode 16 as a mask, the control 
insulating film 14b is selectively etched until the surface 
of the conduction region (polysilicon layer 13) by RIE 
using a mixture gas of CF4 and H2. 
[0051 ] As illustrated in Figs. 1 4A and 1 4B. ion inplan- 
tation is performed by using the control electrode 16 as 
a mask, thereby forming the first inpurity region 13a 
and the second impurity region 13b in the polysilicon 
layer 13. In a manner similar to the first method, the ion 
implantation is carried out by ion implanting Group V 
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atoms such as phosphoms (P) atoms when electrons 
are used as conduction charges, or by Group III atoms 
such as boron (B) atoms when holes are used as con- 
duction charges. Alternatively, the potysiltcon layer 13 is 
irradiated with an ionized gas containing the Group V $ 
atoms such as an ionized gas of PH3 when electrons 
are used as conduction charges, or with an ionized gas 
containing the group III atoms such as an ionized gas of 
B2H6 when holes are used as conduction charges by 
using the control electrode 1 6 as a mask, thereby ena- w 
bling the first and second impurity regions 13a and 13b 
to be formed. After that, the element is heated by using 
a furnace or an exctmer laser, thereby activating the 
implanted impurities. After that, although not shown, a 
protective film made of Si3N4 or Si02 is formed by, for is 
example, CVD or sputtering on the surface of the mem- 
ory device formed as described above. 
[00521 Fig. 15 shows gate voltage - drain current char- 
acteristics (memory effects) of the memory device fabri- 
cated in the embodiment. The drain voltage is 5V The 20 
memory device is obtained in such a manner that an 
SiOo.5 layer is formed by PECVD and an XeQ excimer 
laser having the energy density of 260 nrvJ/cm^ is irradi- 
ated, thereby forming the storage region consisting of Si 
dots in the SiOo.5 '^y^- Subsequentiy. ion implantation 25 
of phosphorus (P) is carried out by PH3 plasma irradia- 
tion, thereby forming the first and second impurity 
re^ons and, further, annealing by the XeCI excimer 
laser (210 nrvl/cm^) is performed to activate the 
implanted inrpurities. 30 

(Third Method) 

I0053I Referring to Figs. 16A and 16B to Rgs. 20A 
and 208, a third method of manufacturing the memory 35 
device of the first embodiment will be descrbed. In the 
diagrams, each diagram 8 is a plan view and each dia- 
gram A is a aoss section taken along the line y-y of dia- 
gram B. 

[0054] First, as shown in Figs. 16A and 168, the buffer 40 
layer 1 2 comprised of the Si3N4 layer or Si02 layer hav- 
ing a thickness of about 100 nm is formed by CVD or 
sputtering on the substrate 1 1 made of quartz or the 
like. Subsequently, by PECVD or sputtering, an amor- 
phous silicon layer, with which an n-type or p-type imfxi- 45 
rity is doped and which has a thickness of about tens of 
mn. is formed at a temperature at which no deformation 
occurs in the substrate 1 1. By etching, the amorphous 
silicon layer is selectively removed and the first impurity 
region 1 3a and the second impurity region 13b are so 
formed. 

10055] As shown In Figs. 17A and 17B, the amor- 
phous silicon layer 1 3' which does not contain the impu* 
rity is formed on the surface of the substrate 11 by 
PECVD or sputtering and. after that, the region except ss 
for the conduction region 13c and the region corre- 
sponding to the first arxl second inpurtty regions 13a 
and 13b is selectively etched. 



[0056] As shown in Rgs. 18A and 188. the anrrar- 
phous silicon layer 13* is irradiated with the XeCI exci- 
mer laser within the range of 150 to 300 mJ/cm^ so as 
to be crystallized, thereby obtaining the polysilicon layer 
13. 

[0057] As illustrated in Rgs. 19A ad 19B. the surface 
of the polysilicon layer 13 is oxidized by the plasma oxi- 
dizing method, and the tunnel insulating film 14a com- 
prised of the SiOx layer (x < 2) having a thickness of 
tens of nm is formed by PECVD on the surface of the 
polysilicon layer 13 and, after that, an XeCI excimer 
laser is irradiated by about 150 to 300 nvl/cm^. Conse- 
quently, excessive silicon in SiO^ is deposited forming 
the storage region 15 comprised of many particulates 
15a. Instead of forming the SiO^ layer (x < 2), the stor- 
age region 1 5 having the coverage factor smaller than 1 
may be formed by CVD using, as materials, a gas con- 
taining silicon atoms such as silane or disilane and a 
gas containing germanium atoms such as gennane, or 
tDy sputtering using silicon, germanium, or a metal as a 
material as in the first method. 
[0058] As shown in Figs. 20A and 208, by the chemi- 
cal vapor deposition using a gas containing silicon 
atoms such as silane or disilane and a gas containing 
oxygen atoms such as NaO or 02, or by the sputtering 
of silicon in an ionized gas atmosphere of a gas contain- 
ing oxygen atoms such as NgO or Og. the control insu- 
lating film 14b having a thickness of about 100 nm is 
formed. Subsequently, the control electrode 16 is 
formed by using polysilicon or a metal such as Al, Cu. or 
W in a position opposite to the conduction region 13c 
(polysilicon layer 13) provided on the control insulating 
film 14b. After that, by using the control electrode 16 as 
a mask, the control insulating film 14b is selectively 
etched until the surface of the conduction region (poly- 
silicon layer 13) by RIE using a mixture gas of CF4 and 
H2. 

[0059] After that, the element is heated by using a fur- 
nace or an excimer laser, thereby activating the 
implanted impurities. After that, although not shown, a 
protective film made of Si3N4 or Si02 is formed on tiie 
surface of the memory dwice formed as mentioned 
above by, for example, CVD or sputtering. 

[Manufacturing Method according to the Second 
Embodiment] 

[0060] Making reference to Figs. 21 A and 2 1 B to Figs. 
25A and 258, a memory device manufacturing method 
of the second entediment will be described. Each of 
the diagrams B is a plan view and each of the diagrams 
A is a cross section taken along the line c-e of the dia- 
gram B. 

(First Method) 

[0061 ] As shown in Figs. 21 A and 21 8. the buffer layer 
22 comprised of an Si3N4 layer, or an SiOj layer, or an 
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Si N,(Oi layer (k, 1 * 0) having a thickness of, for exam- 
ple, about 100 nm is formed on the substrate 21 made 
of quartz, glass or plastic by. for example. CVD or sput- 
tering. After that, a metal film made of W (tungsten), Ta 
(tantalum), Mo (nrx)lybdenum). a the like is deposited 
by, tor exarr^le, electron beam deposition and is pat- 
terned, thereby forming the control electrode 26. 
[O062] Subsequently, as illustrated in Rgs. 22A and 
22 B, by CVD or sputtering, the control insulating film 
24b comprised of an Si02 layer having a thickness of 
about 100 nm. the tunnel insulating film 24a which is an 
SiOx (x < 2) layer having a thickness of about tens of 
nm, and an amorphous silicon layer 23' having a thick- 
ness of about tens of nm to which no impurity is added, 
are formed in accordance with this order. 
[O063] As shown in Rgs. 23A and 23B, by performing 
irradiation of about 150 to 300 mJ/cm^ with an XeCI 
excimer laser, the amorphous silicon layer 23' is crystal- 
lized, therekjy forming the polysilicon layer 23. At this 
time, excessive silicon in SiO, is deposited forming the 
storage region 25 comprised of many particulates 25a 
is formed in the tunnel insulating film 24a. 
[O064] As shown in Figs. 24A and 24B, device isola- 
tion is performed by selectively removing the polysilicon 
layer 23 and the tunnel insulating film 24a by. for exam- 
ple. RIE. 

[O065] As illustrated in Rgs. 25A and 25B, a mask 27 
made of photoresist or Si02 is formed on the polysilicon 
layer 23 in a regbn opposite to the control electrode 26. 
Subsequentiy. ion implantation is performed by using 
the mask 27. thereby forming the first irrpurity region 
23a and the second innpurtty region 23b in the polysili- 
con layer 23. The ion implantation is carried out by ion 
inplanting Group V atoms such as phosphorus (P) 
atoms, when electrons are used as conduction charges, 
or Group III atoms such as boron (B) atonns when holes 
are used as conduction charges. Alta-natively, the first 
and second impurity regions 23a and 23b may be 
formed by the polysilicon layer 23 being irradiated with 
an ionized gas containing the Group V atoms such as 
an ionized gas of PH3 when electrons are used as con- 
duction charges, or witti an ionized gas containing the 
group III atoms such as an ionized gas of B2H6 when 
holes are used as conduction charges, using the mask 
27. Aftv that, the element is heated by using a furnace 
or an excimer Laser to activate the implanted impurities. 
After that, although not shown, a protective film made of 
SiaN^ or Si02 is formed ty, for exarrfile. CVD or sputter- 
ing on tiie surface of the memory device formed as 
desaibed atxsve. 

[Third Embodiment] 

[0066] A ttiird embodiment of the invention will now be 
desaibed making reference to Rgs. 26 and 27. The 
embodiment shows an example of the structure of a 
memory unit obtained by integrating the top-gate type 
memory device shown in the first and the second 



embodiment Rg. 26 is a plan view of an actual device 
to which the invention of the drcuit diagram shown in 
Fig. 3 is applied. Rg. 27 is a cross section taken along 
the line T^-riof Fig. 26. 

5 [0067] In the menmry unit, each of source lines and 
S2, bit lines Bi and Bg, and word lines and is 
formed by a polysilicon layer to which metal such as Al 
or Cu or impurity is in^lanted. Although only a memory 
array of 2 x 2 is shown here, obvbusly. a general mem- 

10 ory array is of n x m (n, m > 1). This is also similarly 
applied to the following embodiments. 

(Integrating Method) 

IS [0068] A method of integrating the memory device will 
now be described. 

[0069] According to the first method of integrating 
memory device, as shown in Rgs. 3 arxJ 4, that the elec- 
trodes (G) for control of the memory device are con- 

20 nected to the word lines W1, W2, ... and a plurality of 
memory device each having a source<lrain path con- 
nected between the bit line and the source line are 
an-anged in parallel. It is suffident to apply the potentials 
of the source line, bit line, and word line to the first impu- 

25 rity regk)n, gate region, and the second inpurity regbn 
as mentioned above, in order to write, erase, hoti, and 
read out information with respect to each of the memory 
device. 

[(K)70] According to the second method of integrating 
30 the menfX)ry device, as shown in Rg. 5, the control elec- 
trode of the merrxsry device is connected to the word 
line and a plurality of memory d^ice, in which the 
source-drain paths are connected between the bit line 
and the source line, are an-anged in series. It is suffi- 
35 dent to apply the potentials of the source line, bit line, 
and word line to the first inrpurrty region, gate region, 
and second impurity region of each memory do/ice as 
mentioned above in order to write, erase, hold, and read 
out information with respect to each of ttie memory 
40 6eAce, 

[Fourth Embodiment] 

[0071 ] Fig. 28 shows an example of the structure of a 
45 memory unit obtained by integrating bottom-gate type 
menrx)ry device according to the fourth embodiment of 
the invention. The structure in plan view is similar to that 
in Fig. 26. Fig. 28 corresponds to the structure in cross 
section taken along the line n-ri of Rg. 26. The method 
50 of manufacturing each element is as desaibed above. 
When the dements are integrated as well, the inte- 
grated memory unit can be easily diverted. Conse- 
quently, its specif ic description is omitted here. 

55 [Rfth Embodiment] 

[0072] Figs. 29 and 30 represent an example of the 
structure of a menwry unit using top-gate type memory 
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device according to a fifth embodiment of the invention. 
Fig. 29 is a plan view of an actual device to which the 
invention of the circuit diagram of Fig. 3 is applied. Rg. 
30 is a cross section taken along the line k-k of Rg. 29. 
The source lines and Sg. bit lines and Bg. and f 
word lines and W2 are formed by a polysilicon layer 
to which a metal such as Al or Cu or impurity is 
implanted. 

[0073] Rg. 31 shows an example of integrating bot- 
tom-gate type menrory device according to the second 10 
embodiment. 

[0074] A case of writing and erasing information and 
holding and reading information tc/from a specific ele- 
ment, for example a memory device Cnm Rq- 3. 
among the plurality of memory device of the memory is 
unit according to the embodiment will be described spe- 
cifically In the following description, it is assumed that 
the concerned memory device has n-type conductivity. 
In case of using a memory device of p-type conductivity, 
it is sufficient to reverse the sign of the potential in the 20 
following description. 

[0075] When writing infamation to the memory device 
Cnm. OV is applied fo the source line S^. the word lines 
Wi to Wn.i except for the word line Wf,, a potential Vp 
(tor example. 10V) is applied to the word tine W^, and a 2s 
potential Vp (tor example. 5V) is applied to the bit line 
Bjj^. Preferably, in order to prevent information, in the 
other memory device around the memory dwice Cnm. 
from being erroneously erased, a potential of only 
should be applied to the source line Sj and the bit line Bj 30 
(i#m). 

[0076] when erasing the information written in the 
memory device Cnm- is applied to the source line 
and the word lines except for the word line Wp, a poten- 
tial of -Vp (for example. -10V) is applied to the word tine 3s 
Wn. and a potential -V^ (for example, -5V) is applied to 
the bit line Bm- At this time, in order to present informa- 
tion, in the other memory device around the memory 
device Cnm. ^om being erroneously written, a potential 
of only -Vp/2 should be applied to the source line ^0 
and the bit lines except for the bit line Bm. 
[0077] When holding the information written in the 
memory device Cnm. the potential of all of ^ectrodes is 
set to the same or in a floating state. 
[0078] When reading the information from the mem- 45 
ory device Cpm. OV is applied to all of the source lines 
and the bit lines except for the bit line Bm. OV is applied 
to the word lines except for the word line Wn, a potential 
Vr (for example, 5V) is applied to the word line Wp. a 
potential V^ (for exanrple, 5V) is applied to the bit line so 
Bm. and a current passing the bit line Bm is measured. 
The writing state of the memory device Cnm »s conse- 
quently computed and the reading of information is per- 
formed. 

55 

[Sixth Embodiment] 

[0079] Rgs. 32 and 32 show an exanple of the struc- 



ture of a memory unit using top-gate type menwry 
device according to the sixth enrtoodiment of the inven- 
tion. Fig. 32 is a plan view of an actual device to which 
the invention of the circuit diagram shown in Rg. 5 is 
applied. Rg. 33 is a cross section taken along the line I- 
I of Rg. 32. In the embodiment, the source line S^. bit 

One Bi. and word lines W,. Wg. W3. W4 Wn are 

formed by the polysilicon layer, to which a metal such as 
Al. Cu or impurity is implanted, as well. 
[0080] Rg. 34 shows an example in which bottonv 
gate type memory device according to the second 
enixxiiment are integrated. In a manner simitar to Rg. 
33. Rg. 34 corresponds to the cross section taken along 
the line 1-1 of Rg. 32. 

[0081 ] An operation in the case of writing and erasing 
information and holding and reading infornrtation with 
respect to a specific element, for example, a memory 
device Mnm (refer to Rg. 5) in the memory unit accord- 
ing to the embodiment will be described. In the following 
description, it is assumed that the memory device has 
the n-type conductivity Description of the case of a 
memory device having the p-type conductivity is omitted 
here. 

[0082] When writing information to the memory device 
Mnm. OV is applied to all of the source lines, a potential 
Vp (far example, 10V) is applied to the word tine Wm. 
Vp/2 (tor exanple, 5V) is applied to the word lines 
except for the word line Wm. OV is applied to the bit line 
Bn, and Vp;2 (fa exanple. 5V) is applied to bit lines in a 
memory device line including memory device whose 
gates are connected to the word line Wm except for the 
bit line Bn. 

[0083] When erasing the information written in the 
memory device Mnm. OV is applied to all of source lines, 
a potential - Vp (for example. -1 OV) s applied to the word 
line Wm, Vp/2 (for example. 5V) is applied to word lines 
except for the word line Wm. OV is applied to the bit line 
Bn. and -Vp/2 (for example, -5V) is applied to bit lines in 
a memory device line including memory device whose 
gates are connected to the word line Wm except for the 
bit line Bn. 

[0084] In order to hold the information written in the 
menmry device Mnm. the potential to all of electrodes is 
set to the same or in a floating state. 
[0085] When reading the information. OV is applied to 
all of the source lines and the bit lines except for the bit 
line Bn. OV is applied to the word lines except for the 
word tine Wm. OV is applied to the word line Wn. a 
potential V<j (for example, 5V) is applied to the bit line 
Bm, and a current passing through the bit line Bm is 
measured. Thereby, the information written in the mem- 
ory device hAnm 's read out 

[Seventh Enixxiiment] 

[0086] Referring to Figs. 35 to 39, a method of simul- 
taneously fabricating memory device, according to the 
first embodiment (Rg. 1), and a peripheral circuit such 
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as a control circuit on the same substrate will be 
desatbed. 

[O087] As shown in Rg. 35, an Si3N4 and Si02 layers 
having a thickness of about 100 nm is formed as the 
buffer layer 12 by CVD or sputtering on the substrate 1 1 5 
made of quartz, glass or plastic. After that the amor- 
phous silicon layer 13' of tens of nm is formed by 
PECVD or sputtering on the surface of the buffer layer 
1 2 at a temperature at which no deformation occurs in 
the substrate, and device isolation is performed by etch- io 
ing. 

[0068] Subsequently, as illustrated in Rg. 36. after 
forming the tunnel insulating film 14a by oxidizing the 
surface of the amorphous silicon layer 13* by the plasma 
oxidizing method, an SiO]( (x < 2) layer having a thick* is 
ness of tens of nm is formed on the tunnel insulating film 
14a by PECVD. After that irradiation of about 150 to 
300 mJ/cm^ is performed by the XeCI excimer laser. 
Consequently, as shown in Rg. 36. while the amor- 
phous silicon layer 13' is crystallized and becomes the 20 
polysilicon layer 13. excessive silicon in SiO^ is depos- 
ited forming the storage region 15 comprised of many 
particulates 1 5a. 

[0089] As illustrated in Rg. 37. the memory device 
side (left haff of the diagram) is covered with a photore- 2s 
sist film 17, and the storage region formed on the 
peripheral circuit side (right half of the diagram) is selec- 
tWety removed by RIE using a mixture gas of SFg or 
CF4. and H2. After that, the photoresist film 17 is 
removed- 3o 
[0090] As shown in Rg. 38, by CVD using a gas con- 
taining silicon atoms such as silane or disilane, and a 
gas containing oxygen atoms such as NgO or O2. or 
sputtering of silicon in an ionized gas atmosphere of a 
gas. containing oxygen atoms such as N2O or O2. the 35 
control insulating film 14b having a thickness of about 
100 nm is formed. Subsequently, the control electrodes 
1 6 (Qrn< ^) ^''3 formed on the control insulating film 1 4b 
using a polysilicon layer or a metaJ such as Al. Cu, or W. 
After that etching is performed by RIE using a mixture 4o 
gas of CF4 and H2 until the surfiace of the polysilicon 
layer 13 using the contorol electrodes 16 (G^. G) as 
masks. 

[0091] As shown in Fig. 39, using the control elec- 
trodes 16 (Gf^p G) as masks, ion implantation is per- 4s 
formed with the Group V atoms such as phosphorus 
when electrons are used as conduction charges, or with 
the Group III atoms such as boron when holes are used 
as conduction charges, thereby forming the first impu- 
rity regions 1 3a (S„. S) and the second impurity regions so 
13b (Dm. D). By irradiating an ionized gas containing the 
Group V atoms such as PH3 when electrons are used 
as conduction charges, or an ionized gas containing the 
Group III atoms such as B2H6 when holes are used as 
conduction charges, the first inpurrty regions 13a (S^,, ss 
S) and the second impurity regions 13b (0,^,. D) are 
formed. After that the elements are heated by using a 
fif nace or an excimer laser to activate the implanted 



impurities. After that, necessary wiring is carried out. 
and the surface of the substrate is covered with Si3N4 or 
SiOg by CVD or by sputtering, thereby forming a protec- 
tive film. 

[Eighth Embodiment] 

[0092] Referring to Rgs. 40 to 45. a method of fabri- 
cating a peripheral circuit simultaneously with merTX)ry 
device according to the second embodiment (Fig. 2) on 
the same substrate will be desatbed. 
[0093] As shown in Fig. 40, the buffer layer 22 made 
of Si3N4 or Si02 having a thickness of atwut 100 nm is 
formed on the substrate 21 made of quartz or the like by 
CVD or sputtering. After that a film made of tungsten, 
tantalum, molytx^enum. or the like is formed by electron 
beam deposition or sputtering and patterned, thereby 
forming the control electrodes 26 (3^. G). 
[0094] Subsequently, as illustrated in Rg. 41. after 
forming the control insulating film 24b made of SiOg 
having a thickness of at>out 100 nm by using CVD or 
sputtering, an SiOx (x < 2) layer 27 having a thickness of 
tens of nm is formed. 

[0095] As shown in Rg. 42, the memory device skie 
(left side in the diagram) is covered with a photoresist 
film 26. and the SiOx layer 27 formed on the peripheral 
circuit side (right side in the diagram) is selectively 
etched by RIE, using a mixture gas of SF5 or CF4 and 
H2. After that the photoresist film 26 is ronoved. 
[0096] As shown in Rg. 43. the tunnel insulating film 
24a is formed on the surface of the SiO^ layer 27 by per- 
forming the plasma oxkiizing method. After that, by 
CVD, sputtering, or PECVD. the amorphous silicon 
layer 23' having a thickness of tens of nm is formed on 
the tunnel insulating film 24a and the control insulating 
film 24b. As shown in Rg. 44, the XeCt excimer laser of 
150 to 300 mJ/cm^ is irradiated in the range. By the irra- 
diation, the amorphous silicon layer 23* is crystallized, 
being converted into the polysilicon layer 23 forming the 
storage region 25 comprised of many partk:ulates 25a. 
Sutssequently. the etching for device isolation is per- 
formed. 

[0097] Then, as shown in Fig. 45, a mask 29 is formed 
by a photoresist film or by a Si02 film in regions corre- 
sponding to the control electrodes 26 (Gm, G) on the 
polysilicon layer 23. By using the mask 29. ion implanta- 
tion of the Group V atoms such as phosphorus is per- 
formed when electrons are used as conduction 
charges, ion implantation of the Group III such as boron 
is performed when holes are used as conduction 
charges. Consequently, the first impurity regions 23a 
(Sm, S) and the second impurity regions 23b (0^. D) 
are formed. Alternatively, in place of the ion implanta- 
tion, the first impurity regions 23a (S^, S) and the sec- 
ond impurity regions 23b (0^. D) may be fomied by 
irradiating an ionized gas containing the Group V atoms 
such as PH3 when electrons are used as conduction 
charges, or by irradiating an ionized gas containing the 
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ground III atoms such as BsHg when holes are used as 
conduction charges. After that, the elements are heated 
by using a furnace or an excimer laser, thereby activat- 
ing the implanted irnpurrty. Then, necessary wiring is 
carried out and a protective film (not shown) made of 5 
Si3N4 or SiOg is deposited on the surface of the menrwry 
unit by CVD or sputtering. 



[Ninth Embodiment] 
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[0098] Referring to Figs. 46 to 51 . a method of produc- 
ing a memory unit having the structure in which the 
memory device of the first embodiment is stacked on a 
peripheral circuit fabricated on a semiconductor sub- 
strate will be described. rs 
[0099] As illustrated in Fig. 46, the surface of a 
washed silicon single crystal substrate 31 is selectively 
oxidized by LOGOS (Local Oxidation of Sificon). a field 
oxide film 32 for device isolation is formed, and a gate 
oxide film 33 is formed by thermal oxidation. 20 
[0100] As shown in Rg. 47. by using CVD or sputter- 
ing, an control electrode 34 corrprised of a polysilicon 
layer or made of a metal such as Al, W, Cu is formed. 
Ion implantation is performed by using the control elec- 
trode 34 as a masK thereby forming n-type LDD (Lightly zs 
Doped Drain) regions 35a and 35b. Subsequently, gate 
side walls 34a made of, for example, Si02 are formed 
on the side walls of the control electrode 34. and ion 
irrplantation is performed by using the gate side walls 
34a and the control electrode 34 as a mask, thereby 3C 
forming a source region 36a and a drain region 36b of 
the n** type. 

[0101] As shown in Fig. 48. an interlayer insulating film 
37 is formed with SiOg, Si(OC2H5)4(TEOS). or SOG 
(Spin On Glass) by using CVD or sputtering. After that, 3s 
the surface of the interlayer insulating film 37 is 
planarized by CMP (Chemical and Mechanical Polish- 
ing). 

[0102] After that, in a manner similar to the above- 
mentioned method, a memory device is formed. Specif- 40 
ically, as shown in Rg. 49, the tunnel insulating film 1 4a 
is formed on the interlayer insulating film 37 and the 
storage region 15 comprised of many particulates 15a 
is formed on the tunnel insulating film 14a. As illustrated 
in Rg. 50, the control insulating film 14b is formed and 4S 
the control electrode 16 (Gm) is formed on the control 
insulating film 14b. After that, the control insulating film 
14b and the tunnel insulating film 14a are etched until 
the surface of the polysilicon layer 1 3 by using the con- 
trol electrode 16 (G„) as a mask and then ion implanta- so 
tion is performed thereby forming the first impurity 
region 13a (S^J and the second impurity region 13b 
(D J. After that, necessary wiring is carried out and a 
protective film (not shown) made of Si3N4 or SiOg is 
forn^ on the surface of the memory unit by CVD or ss 
sputtering. 

(0103] Siiisequemiy when wiring is necessary 
between the memory device and the peripheral circuit, 



as illustrated in Rg. 51, a contact hole 38 is opened in 
the interlayer insulating film 37 by RIE using a mixture 
gas of CH4 and H2 or CaHg and a wiring 39 is formed by 
using a metal such as Al, Cu, W. After that, by CVD or 
sputtering, a protective film (not shown) made of Si3N4 
or Si02 is formed on the surface. 
[0104] Fig. 52 shows an example in which the merrwry 
device of the embodiment are formed in a stacked struc- 
ture (two-layer structure in this case). To be specific, 
after a buffer layer 42 made of Si3N4. Si02 is formed on 
a semiconductor substrate 41, the memory device 
according to the embodiment is fabricated, and after 
that, by using CVD or sputtering, an interlayer insulating 
film 43 is formed by using Si02, Si(OC2H6)4(TEOS), or 
SOG (Spin On Glass). After that, the surface of the 
interlayer insulating film 43 is planarized by CMP, and 
while the memory device in the second layer is fabri- 
cated, a contact hole 44 is opened in the interlayer insu- 
lating film 43, and a wiring 45 is formed by depositing a 
metal film made of Al, Cu, W. or the like. With such a 
multilayer structure, a memory unit having a large 
capacity can be manufactured. 

[Experiment 1] 

[01 05] A conaete experiment of the invention will now 
be described. 

[01 06] Rrst. as illustrated in Fig. 53A, an SiOg film 52 
having a thickness of 200 nm was deposited on a glass 
substrate 51 by PECVD. In place of the Si02 film, a Sl^. 

(x 5» 0 to 4/3) film may be formed. As a substo-ate. 
besides the glass SLiJstrate, a plastic siiKtrate made of, 
for example, polyether sulfone (PES), poiymethyl meth- 
acrylate (PMMA), or polyethylene terephthalate (PET), 
or a silicon wafer, or the like may be used. Subse- 
quently, a Si film 53 having a thickness of 30 nm was 
deposited on the Si02 film 52 by PECVD, The Si film 53 
may be in an amorphous state or a microcrystal state. 
[0107] On the Si film 53, an SiO, (x < 2) (silicon 
nitride) film 54 of a nonstoichiometric conposition con- 
taining excessive Si was formed by PECVD using an 
SiH4 gas, having the flow rate of 20 SCCM, and an N20 
gas, having the flow rate of 20 SCCM. 
[01 08] As shown in Rg. 53B, the surface of the glass 
substrate 51 on which the SiO, film 54 was formed was 
irradiated with a laser beam 15 of 280 mJ/cm^ having 
the pulse width of 10 to 50 nsec. As a laser, an excimer 
laser of KrF (resonant wavelength of 248 nm), ArF (res- 
onant wavelength of 193 nm), XeCl (resonant wave- 
length of 308 nm) or the like may be used. In this case, 
the XeCI excimer laser was used. 
[0109] By the irratSation of the energy beam, as 
shown in Rg. 53C, the SiOx film 54 was deconposed 
into Si02 and Si of the stoichiometric compositions. 
That is, more than one particulates 54b of Si was 
formed in a Si02 film 54a. The size of the particulate 
54b lay within the range from 1 nm to 1 jim. 
[01 10] Rg. 54 shows the result of an SEM (Scanning 
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Electron Microscope) photograph after the irradiation of 
the energy beam arnl it is visible that white bright dots 
are scattered in a black region. Further, as a result of 
examination of the difference between the dark region, 
which is considered as Si02. and the light region, which s 
is considered as spread Si by micro AES (Auger Elec- 
tron Spectroscopy), it was found that Si was concen- 
trated in the light region more than the dark region. 
[01 11] As mentioned atxTve, the SiO^ film 54 contain- 
ing excessive Si was formed on the Si film 53 deposited io 
on the glass substrate 51 . Subsequently, heat treatment 
was performed by irradiating the SiO^ film 54 with the 
laser beam 55, thereby enabling the storage region 
comprising many particulates 54b to be formed. 

15 

[Experiment 2] 

[011 2] An example of manufacturing a menrtory device 
will now be concretely described making reference to 
Figs. 55Ato56B. 20 
[0113] First, as illustrated in Fig. 55A, a Si02 film 62 
having a thickness of 200 nm was formed on a glass 
substrate 61 by PECVD. Subsequently, a Si film 63 for a 
memory channel having a thickness of 30 nm was 
formed on the SiOj film 62. On the Si film 63. an Si02 25 
film 64 having a thickness of 1 nm to 10 nm was formed 
by PECVD. On the Si02 film 64, a SiO^ (x < 2) film 65 
containing excessive Si was formed by PECVD using 
the SiH4 gas, having the flow rate of 20 SCCM, and the 
N2O gas having the flow rate of 20 SCCM. 30 
[01 14] As shown in Rg. 55B, the surface of the glass 
substrate 61 on which the SiO^ film 65 was formed was 
irradiated with an exctmer laser beam 66 of 280 
mJ/cm^. By the irradiation of the laser beam 66. as 
shown in Rg. 55C. the SiOx film 65 was decomposed 35 
into a SiOa film 65a and Si particulates 65b dispersed in 
the Si02 film 65a. The Si02 film 65a in which the partic- 
ulates 65b are dispersed becomes a floating gata 
[0115] After forming of the particulates 65b, as illus- 
trated in Fig. 55D, a Si02 film 67 having a thickness of 4o 
1 00 nm was deposited on the Si02 film 65a by PECVD. 
Subsequently, a control gate 68 made of Ta (tantalum) 
having a film thickness of 100 nm was formed on the 
Si02 film 67. More specificaily, the tantalum film was 
formed on the SiOs film 67 by, for example, sputtering, 45 
and after that, a photoresist film of a gate pattern was 
formed on the tantalum film, the tantalum film was 
etched using the photoresist film as a mask, and the 
photoresist film was peeled off, thereby forming the con- 
trol gate 68. so 
[0116] As illustrated in Fig. 56A. for example, by 
plasma etching using a mixture gas containing CF4 and 
H2, the SiOg film 67, the Si02 film 65 containing the par- 
ticulates 65b, and the SiOa film 64 were sequentially 
selectivety etched using the control gate 68 as a mask, ss 
Subsequently, an n-type impurity (phosphorus (P)) was 
introduced into the Si film 63 by plasma doping using 
plasma of PH3 at a low temperature of 90 " C using the 



control gate 68 as a mask. By the operation, a first 
impurity region 63b and a second impurity region 63c 
were formed in a self-aligned manner on both sides of a 
conduction region 63a under the control gate 68. Then 
the surface of the substrate was irradiated with the exci- 
mer laser beam (wavelength 308 nm). thereby activat- 
ing the impurities in the first impurity region 63b and the 
second impurity region 63c. 

[0117] Subsequently, as shown in Fig. 568, an Si3N4 
film 69 as a protective film was formed on the surface of 
the substrate by, for example, PECVD, and after that 
contact holes for a source, a gate, and a drain are 
opened in the Si3N4 film 69, aluminum (Al) was depos* 
ited by, for example, sputtering, and then patterning was 
performed, thereby forming a source electrode 70a, a 
gate electrode 70b, and a drain electrode 70c. 
[01 1 8] By tiie above method, the non-volatile memory 
device having the floating gate (storage region) in which 
Si particulates were contained was fabricated. In the 
memory devrce, when a large, positive bias with respect 
to the conduction region 63a is applied to the gate elec- 
trode 70b in a state, where a current is passed between 
the first and second impurity regions 63b and 63c, elec- 
trons tunneled the insulating film are stored in the Si 
dots 65b and the l-V characteristics are accordingly 
changed. When a negative bias is applied to the gate 
electrode 60b, the electi'ons stored in the Si dots 65b 
tunnel the insulating film and are released into the con- 
duction region 63a. As a result, the original l-V charac- 
teristics are cbtained. By forming the Si dots 65b In the 
gate insulating film as described above, the charges are 
stored or released and the memory effect can be pro- 
duced. The structure has the same action as that of 
what is called a flash memory having a continuous Si 
floating gate. Since the floating gate are in the state of 
dots, the ratio of leakage and dissipation of the charges 
stored in each dot is low, enatsling the memory unit to 
have an excellent holding performance. 
[01 1 9] Although the invention has been desaibed by 
the embodiments, the invention is not limited to the 
embodiments. For instance, tiie example in which the 
invention is applied to the n^ianufacture of the silicon dot 
memory has been described as the embodiments, as 
long as the particulates (dots) of silicon are used, the 
invention can also be applied to manufacture of other 
various devices. For example, whan a silicon substrate 
is used as a substrate, the invention can be applied to a 
flash memory having the floating gate. 
[01 20] Although the case of forming Si dots has been 
described as the errtodiments, dots of other semicon- 
ductors may also be formed. For example. Ge (germa- 
nium) as another Group IV element and SiFe2 and 
SiGe as Group tV compound semiconductors may also 
be used. Furtiier, dots made of a Group 1 1 -VI conpound 
semicorxjuctor or a Group 11 l-V corrpound semiconduc- 
tor, or dots made of a metal (Au, Sb, Sn) may also be 
formed. 

[01 21 ] As examples of forming dots using a Group II- 
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VI compound semiconductor, an example of forming 
* ZnSe dots by irradiating ZnO to which Se is added (or 
stacked structure of ZnO/ZnSe/ZnO) with a laser beam, 
and an example of forming ZnTe dots by using Te (tellu- 
rium) in place of Se in the above example may be men* 5 
tioned. As examples of forming dots by using a Group 
lll-V compound semiconductor, an example of forming 
GaN dots in Si3N4 by irradiating SiNx to which Ga is 
added (or a stacked structure of Si3N4/GaN/Si3fsl4) with 
a laser beam, and further an exannple of forming In As ^ 
dots in AIGaAs by inadiating a stacked structure of 
AIGaAs/lnAs/AIGaAs with a laser beam may be men- 
tioned. 

[01 22] As described above, according to the memory 
device, the method of manufacturing the memory is 
device, or the integrated circuit of the invention, white 
the storage region conrprises a number of dispersed 
particulates (dots), the surface density of the particu- 
lates in the storage region is set to be higher than the 
surface density of the structural holes (pin holes) pro- 20 
duced in the tunnel Insulating film or the number of par- 
ticulates in the storage region is set to five or more. 
Alternatively, while the conduction region is formed by 
the polysilicon film having the surface roughness of 0.1 
nm to 10 nm, the numberof particulates in the storage 25 
region is set to be larger than that of crystal grains In the 
conduction region. Accordingly the tunnel insulating film 
can be manufectured at a low temperature on the sub- 
strate made of glass or plastic. Even when a defect such 
as a pin hole occurs in the tunnel insulating film and tine 30 
charges stored in a part of partk^ulates leak the 
charges stored In the particulates formed in the region 
where no defects exist doni leaked. The Information 
can be therefore held for a long tima 
[01 23] According to the method of manufacturing the 35 
semiconductor device of the Invention, tiie heat treat- 
ment such as Irradiation of an energy beam is per- 
formed to the film for forming the storage region of the 
nonstoichlometric conposition containing a semicon- 
ductor excessively, so tiiat the storage region having 40 
many dispersed particulates can be easily formed also 
on the substrate made of glass or plastic. 

Industrial Applicability 

45 

[0124] As mentioned above, since the tunnel insulat- 
ing film can be manufactured at a bw temperature on a 
substrate made of glass or plastic and also information 
can be held for a long time, ttie memory device accoid- 
ing to the invention is suitable for use in a non-volatile so 
storage device and a data processing apparatus. 

Claims 

1. A menK)ry device comprising: 55 

a conduction region made of a semiconductor; 
a first impurity region provided adjacent to the 



conduction region; 

a second impurity region provkled apart from 
the first impurity region and adjacent to the 
conduction region; 

a storage region comprised of a plurality of dis- 
persed particulates, for storing charges moved 
from the conduction region; 
a tunnel Insulating film provided between the 
staage region and the conduction region, 
through which charges can pass; 
a control electrode for controlling each of a 
charge quantity of the storage region and con- 
ductivity of tfie conduction region; and 
a control insulating film provided between the 
control electrode and the storage region, 
characterized In that tiie surface density of the 
particulates in the storage region is higher than 
the surface density of sfuctural holes (pin 
holes) occurred in the tunnel insulating film. 

2. The memory device according to claim 1. charac- 
terized in that each of the conduction region, the 
first impurity region, and the second innpurity region 
is made of a non-single aystal semiconductor. 

3. The memory device according to claim 2. charac- 
terized in that each of the conduction region, tiie 
first inrpurity region, and the second impurity region 
is made of a non-single crystal SI^Gevx (0 ^ x ^ 1). 

4. The memory device according to daim 3, charac- 
terized in that each of the conduction regbn, the 
first impurity region, and the second Impurity region 
is made of polysilicon SIxGe^x (0 :S x ^ 1). 

5. The memory device according to claim 3, charac- 
terized in that each of the conduction regfon, the 
first Impurity region, and the second inrpurity region 
is made of amorphous Si^Ge^x (0 ^ x SSIeS 1). 

6. The memory device according to claim 1. charac- 
terized in that an insulating substrate is provided as 
a substrate part, and each of the conductfon regk^n, 
the first impurity region, and the second impurity 
region is provided on one surface of the Insulating 
substrate. 

7. The memory device according to claim 1 , charac- 
terized in that an insulating substrate is provided as 
a substrate part and the control electrode is pro- 
vided on one surface of the insulating substrate. 

8. The memory device according to claim 6, charac- 
terized In that the insulating substi-ate Is made of 
quartz, glass, or plastic. 

9. The memory device according to claim 7, charac- 
terized In tfiat an SiN, film, an Si02 film, a stacked 
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film of SiNjj and S(02, or an SiN^O, (K 1 * 0) film is 
formed as a buffer layer between the insulating sub- 
strate and each of the conduction region, the first 
impurity region, and the second impurity region. 

10. The memory device according to claim 1, charac- 
terized in that the storage region is made by an 
aggregate of particulates of SlyGe^y (0 ^ y ^ 1) or 
an aggregate of metal particulates. 

1 1. The memory device according to claim 1. charac- 
terized In that the control electrode is made of non- 
polycrystalline Si containing an impurity or of a 
metal. 

1 2. The memory device according to claim 1, charac- 
terized in that the control insulating film is made of 
SiOg. Si3N4. or Q\N^O^ (K 1 ^ 0). 

1 3. The memory device according to claim 1, charac- 
terized in that the thickness of a material of the con* 
duction region is 0.1 ^m or smaller. 

1 4. A memory device comprising: 

a conduction region made of a semiconductor; 
a first impurity region provided adjacent to the 
conduction region; 

a second impurity region provided apart from 
the first irrpurcty region and adjacent to the 
conduction region; 

a storage region comprised of a plurality of dis- 
persed particulates, for storing charges moved 
from the conduction region; 
a tunnel insulating film provided between the 
storage region and the conduction region, 
through which charges can pass; 
a control electrode for controlling each of a 
charge quantity of the storage region and con- 
ductivity of the conduction region; and 
a control insulating film provided between the 
control electrode and the storage region, 
characterized in that the number of the particu- 
lates in the storage region is five or more. 

1 5. A menrxsry device comprising: 

a conduction region made of a semiconductor; 
a first impurity region provided adjacent to the 
conduction region; 

a second inpurity region provided apart from 
the first impurity region and adjacent to the 
conduction region; 

a storage region comprised of a plurality of dis- 
persed particulates, for storing charges nx>ved 
from the conduction region; 
a tunnel insulating film provided between the 
storage region and the conduction region, 



through which charges can pass; 
a control electrode for controlling each of a 
charge quantity of the storage region and con- 
ductivity of the conduction region; and 

5 a control insulating film provided between the 

control electrode and the storage region, 
characterized in that the conduction region is 
formed by a polysilicon 19m having a surface 
roughness of 0. 1 nm to 1 00 nm arxi the number 

10 of particulates in the storage region is larger 

than the number of crystal grains in the con- 
duction region. 

16. The memory device according to claim 1, charac- 
15 terized in that while information is written by apply- 
ing a potential, higher than that applied to the first 
impurity region, to the control electrode, information 
is erased by applying a potentia.) lower than that 
applied to the first impurity region, to the control 

20 electrode, and information is held by setting the 
potential of all electrodes, i.e. the control electrode 
and the electrodes of the first and the second impu- 
rity regions, to the same, or by obtaining a floating 
state. 

25 

17. Ttie memory device according to claim 16. charac- 
terized in that information is read out by detecting a 
change in charge quantity in the storage region 
caused by the writing of the information, on the 

30 basis of a change in conductivity of the conduction 
region or current value with respect to the potential 
of the control electrode. 

18w The memory device according to claim 1. charac- 
35 terized in that information is written by applying a 
potential, lower than that applied to the first irrpurrty 
region, to the control electrode, information is 
^ased by applying a potential, higher than that 
applied to the first impurity region, to the control 
40 electrode, arxj information is held by setting the 
potential of all electrodes, i.e. the control electrode 
and the electrodes of the first and the second impu- 
rity regions, to the same, or by obtaining a floating 
state. 

45 

19. The memory device according to claim 18. charac- 
terized in that information is read out by detecting a 
change in charge quantity in the storage region 
caused by the writing of the information, on the 
50 basis of a change in conductivity of the conduction 
region or current value with respect to the potential 
of the control electrode. 

20l An integrated circuit in which a plurality of memory 
55 device are integrated, 

characterized in that each of the memory 
device comprises: a conduction region made of a 
semiconductor; a source region provided adjacent 
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to the conduction region; a drain region provided 
apart from the source region and adjacent to the 
conduction region; a storage region comprised of a 
plurality of dispersed particulates, for storing 
charges rrxTved from the conduction region; a tun- 5 
nel insulating film provided between the storage 
region and the conduction region, through which 
charges can be moved; a control electrode for con- 
trolling a charge quantity of the storage region and 
the conductivity of the conduction region; and a ro 
control insulating film provided between the corrtrol 
electrode and the storage region, and has the struc- 
ture such that the surface density of the particulates 
in the storage region is higher than that of stxictural 
holes (pin holes) occurred in the tunnel insulating is 
film, and while the control electrode of each of the 
memory device is connected to a word line, and a 
source-drain path of each memory device is con* 
nected between a bit line and a source line. 



20 

21. A method of manufacturing a memory device, char- 
acterized by comprising: 

a step of forming a conduction region by a sem- 
iconductor film on a substrate made of an insu- 2s 
lating material; 

a step of forming a tunnel insulating film on the 
conduction region; 

a step of forming a storage region conrprised of 
a plurality of particulates dispersed on the tun- so 
nel insulating film, with the surface density of 
the particulates being higher than that of struc- 
tural boles (pin holes) in the tunnel insulating 
film; 

a step of forming a control insulating film on the 35 
storage region; 

a step of forming a control electrode on the 
control insulating film; and 
a step of forming a first impurity region adjacent 
to the conduction region and a second inrpurrty 4o 
region apart from the first impurity region and 
adjacent to the conduction region. 

22. The method of manufacturing a memory device 
according to daim 21 . characterized in that the sur- 4S 
face of the conduction region is exposed to an ion- 
ized gas containing at least one of an oxygen atom 
(O) and a nitrogen atom (N), thereby forming the 
tunnel insulating fdm. 

so 

23. The method of manufacturing a memory device 
according to claim 22, characterized in that after 
formation of the tunne! insulating film, further, the 
surface of the conduction region is heated. 

55 

24. The method of manufacturing a memory device 
according to daim 23, characterized in that the sur- 
face of the conduction region is heated by being 



irradiated with an energy beam. 

25. The method of manufacturing a memory device 
according to claim 21 , characterized in that the stor- 
age region is formed by chemical vapor deposition, 
sputtering, or evaporation so as to cover the surface 
of the tunnel insulating film at a coverage factor 
smaller than 1. 

26. The method of manufacturing a menrxjry device 
according to daim 21, characterized in that a film 
for forming the storage region of a nonstotchiomet- 
ric composition, excessively containing a semicon- 
ductor element, is formed on the conduction region 
and. by heating the film for forming the storage 
region, the tunnel insulating film and the storage 
region are formed. 

27. The method of manufacturing a memory device 
according to daim 26, characterized in that the film 
for forming the storage region is heated by being 
irradiated with an energy beam. 

28. A method of manufacturing a mennory device, com- 
prising: 

a step of forming a conduction region made by 
a semiconductor film on a substrate made of an 
insulating material; 

a step of forming a tunnel insulating film on the 
conduction region; 

a step of forming a storage region having five or 
more particulates dspersed on the tunnel insu- 
lating film; 

a st^ of forming a control insulating film on the 
storage regbn; 

a step of forming a control electrode on the 
control insulating film; and 
a step of forming a first impurity region adjacent 
to the conduction region and a second impurity 
region apart from the first impurity region and 
adjacent to the conduction region. 

29. A method of manufecturing a memory device, com- 
prising: 

a step of forming a conduction region, made by 
a polystlicon film whose surface roughness is 
0.1 nm to 100 nm, on a substrate made of an 
insulating material; 

a step of forming a tunnel insulating film on the 
conduction region; 

a step of forming a storage region having dis- 
persed particulates, the number of which is 
larger than the nunrriser of crystal grains in the 
conduction region, on the tunnel insulating film; 
a step of forming a control insulating film on the 
storage region; 
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a step of forming a control electrode on the 
control insulating film; and 
a step of forming a first impurity region adjacent 
to the conduction region and a second irrpurity 
region apart from the first impurity region and 
adjac^ to the conduction region. 

30. A method of manufacturing a menrwry device, com- 
prising: 

a step of forming a control electrode on a sub- 
strate made of an insulating material; 
a step of forming a control insulating film on the 
control electrode; 

a step of forming a storage region comprised of 
a plurality of dispersed particulates on the con- 
trol insulating film, with the surface density of 
the partculates being higher than that of struc- 
tural holes (pin holes) in the tunnel insulating 
film; 

a step of forming a tunnel insulating film on the 
storage region; 

a step of forming a conduction region made of 
a semiconductor on the tunnel insulating film; 
and 

a step of forming a first impurity region adjacent 
to the conduction region and a second impurity 
region apart from the first impurity region and 
adjacent to the conduction region. 

31 . A method of manufacturing a memory device, com- 
prising: 

a st^ of forming a control electrode on a sub- 
strate made of an insulating material; 
a step of forming a control insulating film on the 
control electrode; 

a step of forming a storage region comprised of 
five or more dispersed particulates on the con- 
trot insulating film; 

a step of forming a tunnel insulating film on the 
storage region; 

a step of forming a conduction region made of 
a semiconductor on the tunnel insulating film; 
and 

a step of forming a first impurity region adjacent 
to the conduction region and a second impurity 
region apart from the first impurity region and 
adjacent to the conduction region. 

32. A method of manufacturing a menwry device, com- 
prising: 

a step of forming a control electrode on a sub- 
strate made of an insulating material; 
a step of forming a control insulating film or the 
control electrode; 

a step of forming a storage region, conprised 



of a plurality of dispersed particulates, on the 
control insulating film; 

a step of forming a tunnel insulating film on the 
storage region; 
5 a step of forming a conduction region made of 

a semicorxJuctor on the tunnel insulating film; 
and 

a step of forming a first impurity region adjacent 
to the conduction region and a second impurity 

w region apart from the first impurity region and 

adjacent to the conduction region, 
characterized in that the conduction region is 
formed by a polysilicon film having the surface 
roughness of 0.1 nm to 100 nm and the number 

15 of particulates in the storage region is set to be 

larger than the number of crystal grains in the 
conduction region. 

33w A method of manufacturing a semiconductor 
20 device, comprising: 

a step of forming a semiconductor film on a 
substrate and. after that, forming a film for 
forming a storage region, of a nonstoichiomet- 
25 ric composition excessively containing a semi- 

conductor element, on the semiconductor film; 
and 

a step of forming a storage region by dispers- 
ing the particulates of a semiconductor, in the 
30 film for forming a storage region, by performing 

heat treatment. 

34. The method of manufacturing a semiconductor 
device according to claim 33, characterized in that 

35 the film for forming a storage region is an oxide film 
or a nitride film containing excessive semiconduc- 
tor. 

35. The method of manufacturing a semiconductor 
40 device according to claim 33, characterized in that 

the semiconductor is Si. Ge, SiFeg, SiGe, a Group 
ll-VI compound semiconductor, or a Group lll-V 
conrpound semiconductor. 

45 36. The method of manufacturing a semiconductor 
device according to claim 33, characterized in that 
heat treatment is performed by irradiating an 
energy beam. 

50 37. The method of manufactuing a semiconductor 
device according to claim 36, characterized in that 
the energy beam Is irradiated by an excimer laser. 

3& The method of manufacturing a semiconductor 
55 device according to claim 33. characterized in that 
an insulating film is formed between the substrate 
and the semiconductor film. 
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Amended claims under Art 19.1 PCT 

1 . A memory device comprising: 

a conduction region made of a semiconductor: 
a first impurity regron provided adjacent to the 
conduction region; 

a second inpurity region provided apart from 
the first impurity region and adjacent to the 
conduction region; 

a storage region comprised of a plurality of dis- 
persed particulates, for storing charges moved 
from the conduction region; 
a tunnel insulating film provided between the 
storage region and the conduction region, 
through which charges can pass; 
a control electrode for controlling each of a 
charge quantity of the storage region and con- 
ductivity of the conduction region; and 
a control insulating film provided between the 
control electrode and the storage region, 
characterized in that the surface density of the 
particulates in the storage region is higher than 
the surface density of structural holes (pin 
holes) occurred in the tunnel insulating film. 2S 

2. The memory device according to claim 1 , charac- 
terized in that each of the conduction region, the 
first impurity region, and the second impurity region 

is made of a non-single crystal semiconductor. 30 

3. The memory device according to claim 2. charac- 
terized in that each of the conduction region, the 
first impurity region, and the second impurity region 

is made of a non-single crystal Si^Gei.x (0 5 x ^ 1). 33 

4. The memory device according to claim 3, charac- 
terized in that each of the conduction region, the 
first impurity region, and the second impurity region 

is made of polysilicon SixGe^x (0 ^ x ^ 1). 40 

5. The menrKsry device according to claim 3. charac- 
terized in that each of the conduction region, the 
first impurity region, and the second impi^ ity region 

is made of amorphous Si^Ge^.^^ (0 x ^ 1). 4s 

6. The memory device according to claim 1 . charac- 
terized in that an insulating sut^strate is provided as 
a substrate part, and each of the conduction region, 
the first irrpurity region, and the second impurity so 
region is provided on one surface of the insulating 
substrate. 

7. The memory device according to claim 1 . charac- 
terized in that an insulating substrate is provided as 55 
a substrate part and the control electrode is pro- 
vided on one surface of the insulating substrate. 



8. The memory device according to daim 6. charac- 
terized in that the insulating substrate is nnade of 
quartz, glass, or plastic. 



12. TTie menxM-y device according to claim 1. char- 
acterized in that the control insulating film is made 
of SiOg, Si3N4, or SiNiP, (k, 1 * 0). 

13. The memory device according to claim 1 , char- 
acterized in that the thickness of a material of the 
conduction region is 0.1 ^mor smaller. 

14. (Amended) A memory da^ice comprising: 

a conduction region made of a polycrystaJline 
semiconductor; 

a first inpurtty region provided adjacent to the 
conduction region; 

a second inrpurrty regksn provided apart from 
the first impurity region and adjacent to the 
conduction region; 

a storage region conprised of a plurality of dis- 
persed particulates, for storing charges moved 
from the conduction region; 
a tunnel insulating film provided between the 
storage region and the conduction region, 
through which charges can pass; 
a control electrode for controlling each of a 
charge quantity of the storage region and con- 
ductivity of the conduction region; and 
a control insulating film provided between the 
control electrode and the storage region, 
characterized in that the number of the particu- 
lates in the storage region is five or more. 

15. A menrxjry device comprising: 

a conduction region made of a semiconductor: 
a first inpurity region provided adjacent to the 
conduction region; 

a second inpurity region provkJed apart from 



5 9. The memory device according to claim 7. charac- 
terized in tiiat an SiN^ film, an Si02 fflm. a stacked 
film of SiNx and SiOg. or an SiN^Oi (k, 1 ^ 0) film is 
formed as a buffer layer between the insulating sub- 
strate and each of the conduction region, the first 
10 inpurity region, and the second inpurity region. 

10. The memory device according to claim 1 . char- 
acterized in that the storage region is made by an 
aggregate of particulates of SiyGe^.y (0 5 y ^ 1) or 

IS an aggregate of metal particulates. 

1 1 . The menxjry device according to claim 1 . char- 
acterized in that the control electrode is nude of 
non-polycrystalline Si containing an inpurity or of a 

20 metal. 
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the first innpurrty region and adjacent to the 
conduction region; 

a storage region comprised of a plurality of dis- 
persed particulates, tor storing charges nnoved 
from the conduction region; s 
a tunnel insulating film provided between the 
storage region and the conduction region, 
through which charges can pass; 
a control electrode tor controlling each of a 
charge quantity of the storage region and con- 10 
ductrvity of the conduction region; and 
a control insulating film provided between the 
control electrode and the storage region, 
characterized in that the conduction region is 
formed by a polysilicon film having a surlace rs 
roughness of 0,1 nm to 1 00 nm and the number 
of particulates in the storage region is larger 
than the nuvrber of crystal grains In the con- 
duction region. 

20 

1 6. The memory device according to claim 1 , char- 
acterized in that while information is wrrtten by 
applying a potential, higher than that applied to the 
first impurity region, to the control electrode, infor- 
mation is erased by applying a potentia.l lower than 25 
that applied to the first inpurity region, to the con- 
trol electrode, and information is held by setting the 
potential of all electrodes, i.e. the control electrode 
and the electrodes of the f irst and the second impu- 
rity regions, to the same, or by obtaining a floating 30 
state. 

17. The memory device according to claim 16. 
characterized in that information is read out by 
detecting a change in charge quantity in the storage 35 
region caused by the writing of the intormation. on 

the basis of a cftange in conductivity of the conduc- 
tion region or current value with respect to the 
potential of the control electrode. 

40 

18. The memory device according to claim 1 , char- 
acterized in that information is written by applying a 
potential, lower tiian that applied to the first impurity 
region, to the control electrode, intormation is 
erased by applying a potential, higher than that 45 
applied to the first inpurity region, to the control 
electrode, and intormation is held by setting the 
potential of all electrodes, i.e. the control electrode 
and the electrodes of the f irst and the second impu- 
rity regions, to the same, or by obtaining a floating so 
state. 

19. The memory device according to claim 18. 
characterized in that intormation is read out by 
detecting a change in charge quantity in the storage ss 
region caused by the writing of the intormation, on 

the basis of a change in corKiuctivity of the conduc- 
tion region or current value with respect to the 



potential of the control electrode. 

20. An integrated circuit in which a plurality of mem- 
ay device are integrated, 

characterized in that each of tiie memory 
device comprises: a corvjuction region made of a 
semiconductor; a source region provided adjacent 
to the conduction region; a drain region provided 
apart from the source region and adjacent to the 
conduction region; a storage region conrprised of a 
plurality of dispersed particulates, tor storing 
charges moved from the conduction region; a tun- 
nel insulating film provided between tiie storage 
region and the conduction region, through which 
charges can be moved; a control electrode tor con- 
trolling a charge quantity of the storage region and 
the conductivity of the conduction region; and a 
control insulating film provided between the control 
electrode and the storage region, and has the struc* 
ture such that the surface density of the particulates 
in the storage region is higher than that of structural 
holes (pin holes) occurred in the tunnel insulating 
film, and while tiie control electrode of each of the 
memory device is connected to a word line, and a 
source-drain path of each memory device is con- 
nected between a bit line and a source line. 

21 . A method of manufacturing a memory device, 
characterized by comprising: 

a step of forming a conduction region by a sem- 
iconductor film on a substrate made of an insu- 
lating material; 

a step of forming a tunnel insulating film on the 
conduction region; 

a step of forming a storage region comprised of 
a pturalKy of particulates dispersed on the tun- 
nel insulating film, with the surface density of 
the particulates being higher than tiiat of struc- 
tural holes (pin holes) in the tunnel insulating 
film; 

a step of forming a control insulating film on the 
storage region; 

a step of forming a conti^ol elecfode on the 
control insulating film; and 
a step of forming a first impurity region adjacent 
to the conduction region and a second impurity 
region apart from the first inrpurity region and 
adjacent to the conduction region. 

22. The method of manufacturing a memory device 
according to claim 21 . characterized in that the sur- 
face of the conduction region is exposed to an ion- 
ized gas containing at least one of an oxygen atom 
(0) and a nitrogen atom (N), thereby forming tiie 
tunnel insulating film. 

23. The method of manufacturing a memory darice 
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according to claim 22, clwacterized in that, aft^* 
formation of the tunnel insulating film, further, the 
surface of the conduction region is heated. 

24. The method of manufacturing a memory device s 
according to claim 23, characterized in that the sur- 
face of the conduction region is heated by being 
irradiated with an energy beam. 

25. The method of manufacturing a memory device io 
according to daim 21 , characterized in that the stor- 
age region is formed by chemical vapor deposition, 
sputtering, or evaporation so as to cover the surface 

of the tunnel insulating fOm at a coverage factor 
sntallerthan 1. is 

26. The method of manufacturing a memory device 
according to claim 21, characterized in that a film 
for forming the storage region of a nonstoichiomet- 

ric composition, excessively containing a senrvcon- 20 
ductor element is formed on the conduction region 
and. by heating the film for forn^ng the storage 
region, the tunnel insulating film and the storage 
region are formed. 

25 

27. The method of manufacturing a memory device 
according to claim 26, characterized in that the film 
for fornrting the storage region is heated by being 
irradiated with an energy beam. 

30 

28. (Amended) A method of manufacturing a mem- 
ory device, comprising: 

a step of forming a conduction region made by 
a polyaystalline semiconductor film on a sub- 35 
strate nnade of an insulating material; 
a step of forming a tunnel insulating film on the 
conduction region; 

a step of forming a storage region having five or 
more particulates dispersed on the tunnel insu- 4o 
lating film; 

a step of forming a control insulating film on the 
storage region; 

a step of forming a control electrode on the 
control insulating film; and 45 
a step of forming a first impurity region adjacent 
to the conduction region ar»d a second impurity 
region apart from the first impurity region and 
adjacent to the conduction region. 

50 

29. A method of manufacturing a memory device, 
comprising: 

a step of fbmiing a conduction region, made by 
a polysilicon film whose surface roughness is 55 
0.1 nm to 100 nm, on a substrate made of an 
insulating material; 

a step of forming a tunnel insulating film on the 



conduction re^on; 

a step of forming a storage region having dis- 
persed particulates, the number of which is 
larger than the nurTt)er of crystal grains in the 
conduction region, on the tunnel insulating film; 
a step of forming a control insulating film on the 
storage region; 

a step of forming a control electrode on the 
control insulating film; and 
a step of forrrvng a first impurity region adjacent 
to the conduction region and a second inpurity 
region apart from the first impurity region and 
adjacent to the conduction region. 

30. A method of manufacturing a memory device, 
comprising: 

a step of fomning a control electrode on a sub- 
strate made of an insulating material; 
a step of forming a control insulating film on the 
control electrode; 

a step of forming a storage region conrprised of 
a plurality of dispersed particulates on the con- 
trol insulating film, with the surface density of 
the particulates being higher than that of struc- 
tural holes (pin holes) in the tunnel insulating 
film; 

a step of fornrting a tunnel insulating film on the 
storage region; 

a step of forming a conduction region made of 
a semiconductor on the tunnel insulating film; 
and 

a step of forming a first impurity region adjacent 
to the conduction region and a second impurity 
region apart from tiie first impurity region and 
adjacent to the conduction region. 

31 . (Amended] A method of manufacturing a mem- 
ory device, comprising: 

a step of forming a confrd electrode on a sub- 
strate made of an insulating material; 
a step of forming a control insulating film on the 
control electrode; 

a step of forming a storage region comprised of 
five or more dispersed particulates on the con- 
trol insulating film; 

a step of forming a tunnel insulating film on the 
storage region; 

a step of forming a conduction region made of 
a polycrystalline senvconductor on the tunnel 
insulating film; and 

a step of forming a first impurity region adjacent 
to the conduction region and a second impurity 
region apart from the first impurity region and 
adjacent to the conduction region. 

32. A method of manufacturing a memory device. 
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comprising: 

a step of forming a control electrode on a sub- 
strate made of an insulating material; 
a step of forming a control insulating film on the s 
control electrode; 

a step of forming a storage region, comprised 
of a plurality of dispersed particulates, on the 
control insulating fOm; 

a step of forming a tunnel insulating film on the io 
storage region; 

a step of forming a conduction region made of 
a semiconductor on the tunnel insulating film; 
and 

a step of forming a first impurity region adjacent is 
to the conduction region and a second impurity 
region apart from the first impurity region and 
adjacent to the conduction region, 
characterized in that the conduction region is 
formed by a polysilicon film having the surface 20 
roughness of 0. 1 nm to 1 00 nm and the number 
of particulates in the storage region is set to be 
larger than the number of crystal grains in the 
conduction region. 

25 

33. A method of manufacturing a semiconductor 
device, corrprising: 

a step of forming a semiconductor film on a 
substrate and, after that, forming a film for 30 
forming a storage region, of a nor^toichiomet- 
ric composition excessively containing a semi- 
conductor element, on the semiconductor film; 
and 

a step of forming a storage region by dtspers- 3S 
ing the particulates of a semiconductor, in the 
film for forming a storage region, tjy performing 
heat treatment. 



the energy beam is irradiated by an excimer laser. 

38. The method of manufacturing a semiconductor 
device according to claim 33, characterized in that 
an insulating film is formed between the substrate 
an6 the semiconductor film. 



34. The method of manufacturing a semiconductor 40 
device according to claim 33, characterized in that 

the film for forming a storage region is an oxide film 
or a nitride film containing excessive semiconduc- 
tor. 

45 

35. The method of manufacturing a semiconductor 
device according to claim 33, characterized in that 
the semiconductor is Si, Ge, SiFeg. SiGe, a Group 
ll-VI conpound semiconductor, or a Group lll-V 
conrpound semiconductor. 5o 

36. The method of manufacturing a semiconductor 
device according to daim 33, characterized in that 
heat treatment is performed by irradiating an 
energy beam. 55 

37. The method of manufacturing a semiconductor 
device according to daim 36, characterized in that 
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